4 



SB 



OPERTY ORGANIZATION 
Bureau 




3%, 



INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT C OOPERATION TREATY (POQ 
(51) International Patent Classification * 



H03J 7A6 



Al 



(11) International Publication Number: WO 98/01949 

(43) International Publication Date: 15 January 1998 (15.01.98) 



(21) International Application Number: PCT/SE97/01 125 

(22) International Filing Date: 23 June 1997 (23.06.97) 



(30) Priority Data: 
9602740-4 



10 July 1996(10.07.96) 



SB 



(71) Applicant: ALLGON AB [SE/SE]; P.O. Box 500, S-184 25 

Akersberga (SE). 

(72) Inventors: LARS SON, Lennart; Rosendalvagen 5. S-184 50 

Akereberga (SE). FOLKESSON, Rolf; Lovhamra, S-186 97 
Brottby (SE). 

(74) Agents:, SVAHN. Stefan et al.; Axel Ehmers Patentbynt AB, 
P.O. Box 10316, S-100 55 Stockholm (SE). 



(81) Designated States: AL, AM, AT, AU, AZ. BA. BB, BO, BR, 
IJY, CA, CH, CN, CU, CZ. DE, DK, EE, ES, FI. OB, GE, 
GH, HU. IL, IS, JP. KE. KG. KP. KR, KZ, LC, LK, LR. 
LS, LT, LU, LV. MD. MO, MK, MN, MW, MX, NO, NZ, 
PL. FT, RO, RU. SD, SE, SO, SI. SK, SL> TJ. TM TR, 
TT, UA, UO. UZ. VN, YU, ZW, ARIPO patent (GH, KE, 
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, 
KG, KZ, MD, RU, TJ. TM), European patent (AT, BE, CH, 
DE, DK, ES, PI. FR. GB, OR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CO, CI, CM, OA, ON, ML, 
MR. NE, SN. TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND SYSTEM FOR TUNING RESONANCE MODULES 

(57) Abstract 

A method and a system for tuning a resonance module 
in a radio base station are disclosed. The resonance module 
has tuning means, a transmitter connection, and an antenna 
connection. High-frequency input and output signals on the 
transmitter and antenna connection, respectively, are sensed 
and processed to tune the resonance module to a frequency of 
the input signal on the transmitter connection. The processing 
of the sensed input and output signals includes processing 
in a low-frequency range. Prior art methods are improved 
by the invention through the use of a quadrature modulator 
to increase adjustment speed and overall applicability of the 
resonance module to be tuned. 




FOR THE PURPOSES OF INFORMATION ONLY 





Codes used to identify States part)' to the PCT on the 


AL 


Albania 


KS 


Spain 


AM 


Armenia 


FI 


Finlaad 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


BoenU and Hcnegovtoa 


GB 


Georgia 


Bfi 


Barbados 


CH 


Ghana 


BK 


Belgium 


GN 


Guinea 


BP 


Burkina Paao 


GB 


Oreece 


BG 


Bulgaria 


HU 


Hungary 


BJ 




IB 


aretaBo 


BR 




IL 


brael 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central AfHcan Repubfic 


JP 


Japan 


CG 


Congo 


KB 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzatan 


CI 


Cote d*Ivoire 


KP 


Democratic n&ople a 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakttan 


CZ 


Czech Republic 


LC 


Sakt Lucia 


DK 


Oerroany 


LI 


Sri Lanka 


DK 


Denmark 


LK 


EB 


Batooia 


LR 


Liberia 



pages of pamphlets publishing international applications under the 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


8K 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


SZ 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Repui-iic cf Moldova 


TG 


Togo 


MG 


Mad«g&acar 


TJ 


Tajikfcua 


MK 


The farmer Yugoslav 


TM 


Torkineniatan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mall 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


VG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


VZ 


Ufbekiatan 


NK 


Niger 


VN 


Viet Nob 


NL 


ptecnenanai 


YU 


Yugoslavia 


NO 


Norway 


ZW 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


ftortngal 






RO 


Romania 






RU 


Russian Fedenuioa 






SD 


Sodas 






SE 


Sweden 






SG 


Singapore 







WO-98/01949 



1 



PCT/SE97/0H25 



METHOD AND SYSTEM FOR TUNING RESONANCE MODULES 

FIELD AND BACKGROUND OF THE INVENTION 

5 The present invention relates to a method and a system for 
tuning a resonance module in a radio base station, said 
resonance module having tuning means, a transmitter connection, 
and an antenna connection. High-frequency input and output 
signals on the transmitter and antenna connection, 
10 respectively, are sensed and processed to tune the resonance 
module to a frequency of the input signal on the transmitter 
connection. The processing of the sensed input and output 
signals includes processing in a low- frequency range. 

15 Such an arrangement for tuning resonance modules is disclosed 
in the published PCT Application No. SE92/0004. That resonance 
module includes a resonant cavity and a resonance body, the 
position of which is adjustable by means of a motor to control 
the resonance frequency of the resonance module. As long as 
20 there is a phase difference between high-frequency input and 

output signals of the resonance module, the arrangement . adjusts 
the position of the resonance body so as to reduce that phase 
difference. This prior art arrangement includes a voltage 
controlled' oscillator that generates a high-frequency signal 
25 whichis mixed with the input signal and the output signal in 
| first and second mixers,' respectively. Thus, two low- frequency 

signals are formed, the phase difference of which is a measure 
of a mistuning of the resonance module. Dependent thereon, the 
resonance module is tuned by means of the motor to a correct 
30 resonance frequency being the frequency of the input signal of 
the resonance module. 

However, in this prior art arrangement, the voltage controlled 
oscillator is a relatively complicated and expensive component, 
35 which is required to have high dynamic performance since a 

relatively wide frequency range has to be scanned in the prior 
art tuning method. 



WO-98/0E949 



2 



FCT/SE97/01125 



SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method for 
tuning a resonance module, which method reduces the time 
required for tuning the resonance module in response to 
variations in the frequency of an input signal of the resonance 
module. Further objects of the invention are to provide an 
efficient and accurate method wherein plural resonance modules 
can be tuned in a sequential process or in parallel processes, 
wherein multiplexing can be used to reduce required circuitry, 
wherein a VCO may be omitted, wherein a particularly efficient 
self -test and adjustment routine can be used in production as 
well as in operation, and/or wherein a low-frequency signal is 
efficiently generated, and to provide an efficient and cost- 
effective system for tuning a resonance module, in particular, " 
for carrying out the method according to the invention. 

These and other objects are attained by a method or a system 
according to the appended independent claims . 

Advantages of embodiments of the inventive method and system 
are that different sensing may be performed in the same branch 
of the circuitry of the system leading to a reduction of 
possible measurement errors, that very fast "frequency hopping" 
may be performed if a fast tuning means is applied in the 
regulation system of the invention, that only the phase 
relation between the transmitter signal and the antenna signal 
remains in the low- frequency signal^ resulting in independence 
of the presently employed modulation width. It is possible in 
the inventive method and system to lower requirements on some 
major components to be connected to the resonance modules while 
still improving the tuning performance. 

In particular, the inventive method comprises the steps of: 
mixing an input signal, which is originating from a transmitter 
signal present on *the transmitter connection, with a low- 
frequency signal so as to generate a single side band signal; 
mixing with the single side band signal an output signal being 
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offset in phase from the input signal by a relative first phase 
difference dependent on a present tuning of the resonance 
module, said output signal being one in a group consisting of: 
a split portion of an antenna signal present on the antenna 
connection and a signal probed within the resonance module; 
mixing with the single side band signal a split portion of the 
transmitter signal on the transmitter connection; comparing, at 
a frequency range about the frequency of the low- frequency 
signal, mixing products resulting from the mixing of the single 
side band signal with the input and output signals, respective- 
ly, so as to determine a relative second phase difference 
between the input and output signals; operating, based on said 
second phase difference, the tuning"means~to tune the "resonance 
module in order to adjust said second phase difference to a 
predetermined value or to be within a predetermined value 
range, so as to tune the resonance module to a present 
frequency of the input signal. 

The inventive method and system are applicable to any type of 
resonance modules including, but not limited to, cavity reso- 
nators, half -wave or quarter-wave resonators, and wave-guide 
resonatbrs . 

^Further advantageous development s of the invention is set forth 
in the dependent claims and the detailed description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a block diagram of a resonance module tuning 
system including a single- side-band generator, 

Fig. 2 shows a sine-cosine signal generator used by the single- 
side-band generator of the tuning system of fig. 1. 

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 

With reference to -fig. 1/ a depicted combiner unit intended for 
a base station in, e.g., a PCS mobile telephone system, is 
provided with one embodiment of the invention. In the combiner 
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unit, four tunable resonance modules are arranged to be 
connected to four transmitter outputs via four respective 
isolators and to a transmitting antenna. 

An improved system for tuning a first resonance module 1 com- 
prises a tunable resonator 2 having tuning means 3, a trans- 
mitter connection 4, and an antenna connection 5. The system 
further comprises an isolator 6, which includes two circulator 
elements and a first sensor for sensing a transmitter signal SI 
from a transmitter, passing the isolator 6, to the transmitter 
connection 4 of the resonance module 1. The first sensor in the 
isolator 6 produces an input signal S2 that is essentially a 
small fraction of the transmitter signal SI. 

The input signal S2 is fed via a first multiplexer 7 to be de- 
scribed further below to a power splitter 8, which splits the 
input signal in signals S3 and S4 . The signal S3 is fed via a 
limiting amplifier 9 and a band-pass filter 10 , producing a 
signal S5 which is input to a quadrature modulator (single- 
side-band generator) 11, known per se, wherein the signal S5, 
still being a measure of the transmitter signal SI, is mixed 
with a low-frequency (intermediate frequency) signal in 
immediate (,0°) and quadrature (90°) phases I and Q, 
respectively. The output signal S6 of the quadrature modulator 
is a single side band of the mixing product of signal S5 
derived from signal SI and the low- frequency signal. 
Consequently, a frequency of signal S6 is always offset from 
signal SI by the frequency of the low-frequency signal, the 
latter being constant. Further, a phase of signal S6 is always 
offset from that of signal SI by a constant phase difference. 
Signal S6 is fed from the quadrature modulator 11 to a mixer 
12 . 

Signal S4 is fed from the power splitter 8 via an attenuator 13 
and a second multiplexer 14 to the mixer 12 . The mixer 12 thus 
produces from signals S6 and S4 a mixing product signal S9 
which is fed via a low-pass filter 15 and a second limiting 
amplifier 16 to a signal processing means 17 wherein the phase 
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of the mixing product signal S9 is measured and stored in a 

memory 18. 

The system further includes a second sensor arranged inside the 
resonator 2 for sensing an antenna signal S7 to produce an 
output signal S8, which is to be compared to signal S2 in order 
to determine a relative phase difference. That phase difference 
is a measure of a relative difference between a frequency of 
the transmitter signal and the frequency to which the resonance 
module is presently tuned. Signal S8 is essentially a small 
fraction of the antenna signal S7 . Alternatively, the output 
signal could be sensed on the antenna connection 5 to produce a 
signal to be used instead of signal S8. In that case, signals 
originating from other transmitters would be more of a problem. 
For an ideal tuning of the resonance module, the phase 
difference between the transmitter signal on the transmitter 
connection 4 and the antenna signal on the antenna connection 5 
is zero. 

Signal S8 is fed from the second sensor via a third multiplexer 
19 to be described further below, an attenuator 20, and the 
second multiplexer 14, which is alternately switched to connect 
either signal S4 or signal- S8 f to the mixer 12 . When the multi- 
plexer 14 connects signal S8, the mixer 12 thus produces from 
signals S6 and S8 a mixing product signal S10 which is fed via 
the low-pass filter 15 and the second limiting amplifier 16 to 
the signal processing means 17 wherein the phase of signal S10 
is measured and stored in the memory 18. The stored phase 
measurements are then compared to determine the phase 
difference between signals S9 and S10. 

Of course, the real time difference between the measurements is 
known and determined by the signal processing unit 17. The 
sequence of connecting signals S4 and S8 by the second multi- 
plexer 14 is not critical to the measurement principles. 
However, starting a measuring cycle by connecting signal S8 is 
preferred. Alternatively, the measurements of signals S4 and S8 
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could be made in separate branches with corresponding changes 
in the circuitry, avoiding the use of the multiplexer 14. 

The signal processing means 17 operates by fast and accurate 
measurement and regulation of the phase of the transmitter 
signal SI relative to the phase of the antenna signal S7 . 
Inherently, the phase measurement performed in the signal 
processing unit 17 involves an essentially constant additive 
phase difference dependent on signal delay in the circuitry of 
the system. However, that inherent phase difference is 
compensated for by calibration, so that the relative phase 
difference measured between signals S9 and S10 is adjusted to a 
predetermined value at which the resonance module is tuned to a 
present frequency generated by the respective transmitter. 

In the system depicted in fig, 1 and described above, the first 
and third multiplexers 7 and 19 are controlled by the signal 
processing unit 17 so as to share the same regulation circuitry 
between four essentially identical resonance modules forming a 
combiner unit with four separate transmitter connections and 
one coinmoij antenna connection. The adjustment of the remaining 
three resonance modules is performed essentially the same way 
as indicated above with reference to the first resonance module 
1. The number of resonance modules in the combiner unit may 
differ from that of this embodiment . 

The signal S2 needs to be well isolated from, e.g, , any inter- 
fering signals possibly present on the common antenna 
connection. Thus, the first sensor is arranged to the 
transmitter side of the isolator 6. Therefore, also in the 
prior art, an isolator, like the one referred to by the numeral 
6, is typically a rather complicated, and costly component, 
which is required to have a very well defined signal delay from 
its input connection to its output connection, in order for a 
corresponding regulation circuitry to be shared between plural 
resonance modules. 
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Therefore, in a second embodiment of the invention, an 
additional third sensor is provided between each isolator and 
the respective resonance module, for sensing a signal 
corresponding to signal S4 above. Further, the multiplexer 7 is 
5 omitted. and a signal corresponding to signal S2 f rorn^ the first 
sensor above is fed directly to a limiting/amplifier correspon- 
ding to amplifier 9 above. Likewise, the third multiplexer 19 
is omitted and an output signal sensed in the respective 
resonance module is fed directly to an attenuator corresponding 

10 to attenuator 20 above. Thus, major parts of the regulation 
circuitry is provided separately for each resonance module, 
although they have a common signal processing and control unit. 
In this second embodiment of the invention, a much less 
complicated isolator may be used, since a relative difference 

15 between signal delays in the different isolators would have to 
be neither well defined, nor constant with regard to, e.g., 
variations in ambient temperature. 



20 



25 



30 



In the described embodiments, an electrical step motor, con- 
trolled by a signal Sll from the signal processing unit, 
performs adjustment of a first resonance module by moving via a 
mechanical link a tuning element in the resonator of the 
resonance module. The motor sets a limit to the speed of 
adjustment of the resonance module. In case the transmitter 
operates at a present frequency, but transmits intermittently, 
the speed of movement of the tuning element may be. e.g., 
divided by two every time the motor changes direction of 
movement, so as to arrive at resonance more efficiently. 
Moreover, the described regulation principles of the invention 
could be applied even more efficiently if faster means than 
step motors could be used to adjust the resonance of the 
resonance module. 



The limiting amplifier 16 depicted in fig. 1 may also generate 
35 a radio signal strength indicator (RSSI) signal. That signal 
may be fed to the signal processing unit 17 and serve as an 
indicator of whether there is a signal present on the 
respective transmitter connection which is strong enough for 
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measuring. Moreover, .it may serve as a coarse measure of the 
adjustment of the resonance module. 

With reference to fig. 2, a signal generator for providing the 
5 single- side-band generator with sine and cosine signals, 
extensively free of overtones, comprises first and second 
reversible shift registers 301, 302. Each shift register has 
eight outputs, which are each connected to one side of a 
respective resistor. The other side of the resistors are inter- 

10 connected at 303, 304 and fed via a smoothing filter and a 

sixteenth-overtone filter (not shown) to the respective one of 
the I and Q inputs of the quadrature generator (s) referred to 
above. A clock signal 305 of the signal processing unit 17 
(fig. 1) is input to a divider 306 which feeds at a first 

15 output, having a relative frequency of 1:1, clock pulses to 

clock inputs of the shift registers 301, 302, Second and third 
outputs, having relative frequencies 1:8 and 1:16, of the 
divider 3 06 are fed via EXOR gates 3 07, 308, 309, in such a 
manner that ones (1) are shifted into the shift registers 301, 

20 3 02 with a relative difference of four clock pulses (corre- 
sponding to 90°) until the respective shift register is filled 
with ones (1) and, then, changing the direction of shifting, 
zeros (0) are shifted into the shift registers from the other 
direction, still with a four pulses relative difference. Values 

25 of the resistors are selected so that the generated sine and 

cosine signals are distorted by less than approximately 2%. Due 
to this way of generation, the signals have a very well defined 
relative phase difference of 90°, which is needed in the 
quadrature modulator 17 (fig. 1) . The frequency used in the 

30 invention may by in the range of 50 kHz. 

A preferred automatic test and calibration/ adjustment routine 
for the inventive system, which can be applied both in 
production and when the resonance modules are installed for 
35 operation, may include the steps of: Bringing all tuning means 
to a predetermined starting position, preferably an end 
position outside an operating frequency range so that inter- 
connected resonance modules do not disturb one another; 
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(Operating the resonance modules one at a time by) applying a 
measuring signal, preferably non-modulated, at the transmitter 
connection of the resonance module; Operating the tuning means 
of the resonance module past a resonance peak to a remote -3 dB 
point and then back to a nearby -3 dB point, while sensing the 
signal strength and identifying the points with, e.g., the RSSI 
function described above as well as recording the corresponding 
signal phases; Selecting a signal phase value, corresponding to 
the second phase difference above, as a predetermined target 
value in the future adjustment of the resonance module. The 
resonance module is tuned to resonance at a midpoint in the 
signal phase range between the -3 dB points. In this example, 
the -3 dB points in relation to a top signal strength are 
chosen for convenience arid represent a phase difference of 90°. 
Other points than the -3 dB points and other means for signal 
strength measurement than the RSSI signal may be used. 

Although the invention has been described in conjunction with 
preferred embodiments, it is to be understood that various 
modifications may be made without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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CLAIMS 

1. Method for tuning at least one tunable resonance module in a 
radio base station, said resonance module having tuning means, 
a transmitter connection, and an antenna connection, said 
method comprising the steps of: 

(a) mixing an input signal, originating from a transmitter 
signal present on the transmitter connection, with a low- 
frequency signal so as to generate a single side band 
signal, 

(b) mixing with the single side band signal an output signal 
being offset in phase from the input signal by a relative 
first phase difference dependent on a present tuning of 
the resonance module, said output signal being one in a 
group consisting of: a signal originating from an antenna 
signal present on the antenna connection, and a signal 
probed within the resonance module, 

(c) mixing the single side band signal with a signal origi- 
nating from the transmitter signal on the transmitter 
connection, 

(d) comparing, at a frequency range about that of the low- 

* 

frequency signal, mixing products resulting from the 
steps (b) and (c) , respectively, so as to determine a 
relative second phase difference between the input and 
output signals, 

(e) operating, based on said second phase difference, the 
tuning means to tune the resonance module to a frequency 
of the transmitter signal present on the transmitter 
connection, so as to adjust said second phase difference 
to a predetermined value. 

2. Method according to claim 1, wherein the step (a) further 
comprises mixing the input signal with the low-frequency signal 
in a quadrature modulator to generate the single- side-band 
signal, which is offset in frequency by a frequency difference 
between the low- frequency signal and the input signal. 
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3. Method according to claim 1, wherein the step (d) further, 
comprises low-pass filtering the mixing product resulting from 
the mixings of the single side band signal with the input and 
the output signals, respectively, so as to block frequencies 

5 above a frequency range about the low-frequency signal. 

4. Method according to claim 1, further comprising multiplexing 
and processing further input and output signals of further 
resonance modules using common measurement circuitry and a 

10 common signal processing unit. 

-5-; Method according to claim 1, further comprising parallely 
processing further input and output signals of further 
resonance modules using separate measurement circuitry and a 
15 common signal processing unit. 

6.. Method according to claim 1, further comprising multiplexing 
signals to be mixed with the single-side-band signal. 

20 7. System for carrying out the method of any of the preceding 
claims. , 

8. System* for tuning at least one tunable resonance module in a 
radio base station, said tunable resonance module (1) having 

25 tuning means (3), a transmitter connection (4), and an antenna 
connection (5), said system comprising at least one single- 
side-band generator for forming a low-frequency measuring 
signal from an input signal and an output signal to and from 
said tunable resonance module, said measuring signal being 

30 indicative of a phase difference between said input signal and 
said output signal . 

9. System according to claim 8, wherein the single-side-band 
generator includes a sine-cosine signal generator means 

35 comprising: 

- first and second shift registers each having first and 
second groups of outputs, respectively, 
first and second outputs, 
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first and second groups of resistors each resistor thereof 
being connected at the one side to one of the first and 
second groups of outputs and at the other side to the first 
and second output, respectively, 

first and second predetermined contents being shifted in 
the first and second registers, respectively, in cycles by 
clock pulses, 

duty cycles of the clock pulses, the predetermined 
contents, and values of the resistors being selected so 
that sine and cosine signals, which have a phase difference 
of 90°, are generated at the first and second outputs, 
respectively. 
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